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1571 Abrege/Abstract 

System* ivnn mrthorta 1nr rlovwnhote communication and maafiureftttftt uhlomrj an imprnvatf mftollir; rubiilsvr {3D) having an 
elongated body with tubular •/.'alls snd a cenlral bore (32) adapted to reoeive a run-in tool (10). The tubular ind Lading slotted 
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[h <\ Abi *g*r,s uitfi ^Abstract (en ntin uad)* 

slafions to provide through-tubular signal transmission *nd/or reception. Hydraulic isolation bet//een the interior snd exterior of 
tli* rubukvr ift pravtdftri by pressure ham* r means tfttli* fcirrtlari fctalinns nsors andtorsournf* ar* mounlfitf nn m# mn in ronl, 
which is adapted for transmission through s drill siring to engage >vi1hin the tubulsr in alignment with the slotted stations. A run-in 
tool wntigurahon includa*:* mofJulalnr for r«al iiiim wirelftftt torn numir.itfionwrh the fcurtor.* anri/nr remote flown hota ronl* A 
tubular snd run-in 1ocJ configuration also includes inducti'/e couplers (122) for wireless signal data transfer. A method tor 
m*a*urinQ a formation r.haraeterrslir: Mhlmng a run in 1nd adapter! wilh an mterdv*nQe;*hla and fifi^mant tor mum morta 
do'.'.-nhole transport. Methods for sealing sn opening (35) on the surface of $ tubular having an elongated body with tubular '.'.'alls 
and a MrTTtrttl tora 
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fj ONE a 25" W/DE SLOT 
o ONE 0.50" WIDE SLOT 
7 WO 0. 50 " WiDE SLOTS 
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DRILL A BOREHOLE THROUGH AN 
EARTH FORMATION WITH A DRILL 
STRING INCLUDING A TUBULAR SUB 
WITH A SLOTTED STATION, EACH SLOT 
FULLY PENETRATING THE TUBULAR 
WALL TO PROVIDE CONTINUOUS 
PASSAGE OF EM ENERGY 



ENGAGE A RUN-IN TOOL ADAPTED 
WITH SIGNAL TRANSMITTING AND/OR 
RECEIVING MEANS WITHIN THE SUB 



LOCATE THE RUN- IN TOOL WITHIN 
THE SUB TO ALIGN A SIGNAL TRANS- 
MITTING OR RECEIVING MEANS WITH 
A SLOTTED STATION 



TRANSMIT OR RECEIVE A SIGNAL 
THROUGH THE FORMATION VIA THE 
TRANSMITTING OR RECEIVING MEANS 
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FIG. 25 
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ADAPT A DOWN HOLE TOOL WITH 
SIGNAL TRANSMITTING MEANS AND \ 405 
SIGNAL RECEIVING MEANS 



ADAPT THE DQWNHOLE TOOL WITH 
END MEANS CAPABLE OF ACCEPT- J® 
ING A FISHING HEAD OR A CABLE 
CONNECTION 



WITH THE FISHING HEAD ON THE 
TOOL, ENGAGE THE TOOL WITHIN A 
DRILL STRING TO MEASURE A FOR- L^' 5 
MA TION CHARACTERISTIC, UTILIZING 
THE TRANSMITTING AND RECEIVING 
MEANS] AS THE DRILL STRING 
TRAVERSES THE BOREHOLE 



, WITH THE CABLE CONNECTION ON 
THE TOOL, CONNECT A CABLE TO THE 
TOOL AND SUSPEND THE TOOL WITH- 
IN THE BOREHOLE TO MEASURE THE 
FORMATION CHARACTERISTIC UTI- 
LIZING THE TRANSMITTING AND 
RECEIVING MEANS 



FIG. 26 
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500 



PLACE AN INSERT WITHIN THE 
TUBULAR OPENING, THE INSERT 
FORMED fN THE SHAPE OF THE 
OPENING 
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APPLY BONDING MATERIAL TO THE 
INSERT AND /OR OPENING 



510 



FIG. 27 
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PLACE AN INSERT WITHIN THE TUBU- 
LAR OPENfNG, THE INSERT FORMED 
IN THE SHAPE OF THE OPENING 
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PLACE RETAINER MEANS WITHIN THE 
TUBULAR TO SUPPORT THE INSERT 
AGAINST THE OPENfNG 
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DOWNJIOLE SIGNAL COMMUNICATION AND MEASUREMENT THOROUGH' 

A ME TAL TtltiULAll 

1 . BACKGROUND OF THE INVENTION' 
LI Fid J ofthvlavcnlion 

. 'Itiis invention relates generally to investigation of subsurface earth formation^ 
systems and methods ibr 1nmKmUlm£ Krid/uc receiving & signal through a metallic tubular, 
and, TOTOpurliwlrfy. U> a devtcs lor receiving a ruti-ivi laoL 

1,2 Description of Related Alt 

Resistivity autf gamma-ray loggmg aire flic two focmation evaluation. 
niwwurwjct«rxia mo&t oltei in well logging. Such rTi^&msmciitB arc uwd Co locate and 
evaluate tho properties of potcavtial hydrocarbon bearing zones hi subsurface formation*. 
In many wdhf, llwy are the only two meftCMmoMftlfe pcrlbnncd> particularly in low cost 
well a and rn sVurfjuce and r mermedi ate &ect ions o C more espeiui wells. 

These- logging tcehjnqucs are rcaliicod in different ways, A woll tool, comprising 
a number of iran emitting and defecting devices Tor measuring wioua parameters, can be 
lowered info a borehole on die end of a cable; or wireline The cable, which is attached (a 
some sort of mobile prowling ixiiler al tho surface* is the means by which parameter 
data is sent up to the surface. With this type ofwteliue loggings il becomes possible to 
measure borehole and foimafioii parameters as a function of depth, i.e., white Uie loul is 
being jkillert uphote. 

Some well* may nui be logged bwuusc- wireline logging is too expensive, *i\\m 
rig time is included hi the total cost. Conditioning the well for wireline fogging, rigging 
up fliE wireline tools^ and the time to run tlie wireline uoole io and out require rig time. 
HvrbwjlaJ. or deyialsd write alee present incrcasod cost and difficulty tor the use of 
wireline tools. 

An aJtenrctfive (o wireline logging techniques is the collection of data oil 
dewnhoto conditions during fho drilling process. By col led mg «nd processing such 
hnforniation dming IEk> drilling process, the driller can modrfy or wiroct key steps of the 
operation to optimize performance. Scheme* lor collecting data of downhote coridiClLxrus 
and movement of the drilling assembly during the Orillcng operation are known as 

1 
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Measurement Wlirle Drilling (MWD) technique* Similar techniques focusing moi^ on 
measurement of formation parameter* tlian on inavemwrt of the drilling assembly are 
know as Logging While Drilling (LWD). As wifli wireline Jogging, flic use of LWD awl 
MWD tools may not be justified due to flic cost of the equipment and the associated 
5 service sbec Iho tools are in the hofe for iho entire time if Jakes to drill the section. 

Lodging While Tripjuug (LWT) presents a eosl-cffcctive alternative to LWD and 
MWD teoTiniciucs. In LWT, a small drsimcter "nnvin" foot iff sent dowuhole thtoughtho 
drill pipe, at the end of a bit run, jusf hefnre ihe drill pipe is pulled. The run-in tool is 
used to measure the dowimole physiud quantities as the drill string is extracted or tripped 

to out of the hole. Measured data is received into tool memory versus time during the Irip 
out. At the surface, a second set of equipment record if bil depth versus time for the trip 
on I, and this allows the measurements lo bo placed on rfeptti. 

U.S. t>at. No. 5,589,825 describes a LWT technique incorporating a logging tool 
adapted tor movement through a driTMring and into a drilling sub. "Hie l 825 patent 

15 describes a sub incorporating a window rtiecliaiiisan to permit signal coinimiuicaiion 
between a housed loggiug tool and the wellhnre. The window mechanism is operable 
between an open and closed positron. A disadvantage of die proposed apparatus is that 
flic open- window mechanism directly exposes the loggiug toof to the rugose and abrasive 
borehole environment, where tojman'on cuttings are likely to damage the logging tool and 

20 jam the wJ ndovv niechaiiisnt. Downliole condition* progressively become move hosiil e ul 
greater depths. At depth* of 5,000 to 8,000 meters, notion hole temperatures of 260*0 
and pressures of 170 Mpa ave often encountered. This exacerbates degradation of 
external or exposed logging tool components. Thus, an open-window structure is 
impractical to* use in a downhote environment. 

k UK i J atem AppUjcittion GB 23.17S46A describes a composite structure 

incorporate;} wilhin a drill collar to permit the passage of clccfroiiiagneiio energy for u*e 
in mc«8«Lxxcioufs during the drilling operation. The *54fi application describes u drill 
collar having void* or ivccsses with embedded composite covers. A disadvantage of the 
apparatus proposed by the <54b" application is tlio ust: of conrpositc materials as am 

» integral pari of the drill collar. Fatigue lading (i.e., the bending and robaing of the drill 
pipe) becomes an issue in drilling operations. When tlje drill pipe is subjected to beudiug 
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or lonrioii, (he shapes of the wid» w nwjcascs change, faulting in stres* foilurc and poor 
Dealing. The difference* in material properties between the 111 eta? and composite covers 
are dUDcult (o manage properly where fhc composite and' metal sre required to ad 
mechanic*])? a* one piece, such a* described in the 'S4fi application. Thu*, foe increased 
propensity for fai lure under foe extreme- stresses ami loading eucoumercd during drrlliitg 
operation* makes implementation ol"(hed escribed suueture impractical. 

I'J.tf. Pats. Nos. 5,9S8,3O0 and S.M4J24 describe a composite tube euuctuie 
adapted for use hi a drilUlrirjg. The '300 and 1 1 24 patents describe a pfgecwise slruclur* 
including a composite cube assembled with end-Mings and an outer wrapping connecting 
the tube with die ciid-f3«inge. Isi addition to high, mamLfaduring costs, another 
disadvantage of (his structure is that Lh« multi-part assembly is mens prone to faifoio 
under the extreme stresses encountered during drilling operations. 

US, Pal; No. 5, 939,8 H 5 describes a well logging apparatus including a mounting 
member equipped wilh coil antennas and housed within a slotled drill coKar, However, 
tlie apparatus is not deigned for LWT operations. US. Pats. Nob. 4,041,78ft arid 
4,047,430 describe a logging instrument (hat is pumped down into a driil pipe for 
obtaining legging sample* However, the system proposed by the l 780 and '430 paienle 
requires the withdrawal of tf« entire drill string (Ibr removal of tlie drill bit) before any 
logging may be concuncaiccd. . Thus, implementation of (he described gyutom is 
impractical and not cost effective for many operations. 

U.S. Pat. No. 5,560,437 describes a telemetry method and apparatus for obtaining 
measurements of dawnhob parameter. The l 437 patent describes r logging probe (bat is 
ejected into the drill airing. The loggi/ig probe includes a sensor at one end that is 
positioned through an apertute in a special drill hie al Iho aid of the drill string. Ah such, 
the nsmar has direct access to die drill bore*. A disadvantage of the apparatus proposed 
by Iho '437 patent is tlie Denser 1 !} direct exposure lo the damaging conditions encounlcrcd 
downfiole. Tlte use of a small probe prottndmg through a small aperture i* uIbo 
hnpradical for i«st«livily logging, 

US. 3>at. No, 4,914,637 describes a dowuhole tool adapted lor deployment from 
the surface thnmgh Iho drill string to a desired location in the conduit. A modular** on 
the tool transmits gathered wgnal data to the surface. U.S. Pat. No. 5,05l),fi75 (assigned 
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to the present assignee) describes a persuing apparatus incorporating an inductive 
coupler configuration for signal communication between tho surface and the downtofe 
tool U.S. Pat No. 5,455,573 describes at) induct] w coupling device? for coaxialjy 
arranged dnwnhcta tools. Etawnliole techniques have also 'been proposed utilizing slotted 

.1 Cubes. U.S. Pat No. 5,372*208 describes the use of dolled fubo sections a« part of a driTl 
string to Ran ipfe ground water during drilling, However, noix« of flicssc proposal systems 
relate to tluough-tiibing rriewurenicnt or signal transfer. 

]( in desirable to obtain a simplified and reliable LWT system and methods for 
boa ling and evaluating ifo properties of potential hydrocarbon bearing zones in 

ro subsurface formations. 'l1m*> that remains a need lor an improved LWT Byrfcin and 
methods for tmnsariltiiig and/or receiving a ^i^iul through an earth formation. Tfas« * too 
Txmm\ix a need for a technique ip measure tlie characteristics of a subsuriiw* fonnafion 
with the use o(* A vcmUib apparatus capable of providing LWT, LWD or whelino 
measurements. Yet another renwiiiimg need is that of efleetivc technique* fur suiting 

15 aperture* on (he aurfaco of tubular mem ben used for down hole operations. 

2< SUMMARY CM 1 THE INVENTION 

Systems and methods are provided utilising an improved downbofe tubular 
• having an elongated botfy ydfli tubular walls and a yen tol bore adapted Ui receive a run- In 

*o looL Tine tubular has at least one dot fanned in its wall lo provide lor continuous 
passage of a signal (eg-, cJectromagnetie energy) fliat is generated or received 
rapwtlvdy by a source or sensor mounted on the run-in tool. The tubular at&o includes a 
pressure barrier wiQiin flic ccjifral bore to maintain hydrauJio integrity between the 
interior and exterior of the tubular at the slotted station. 'J lie tubular and mn-in tool 

25 combination* provide systems and rradioda for downliole signal communication and 
roitiwtiou measurement through a metallic tuhul«c, A technique Xbr measuring & 
formation cbfl/aotdistio utilizing a run -in lool adapted with, a multi-mode end segment is 
provided. Techniques are also provided for effectively Baling openrng* on the sui-fStee of 
tubular members. 

™ rnvention i>rcvides a downhote tubular comprising an elongated body with 

tubular walls and a central hat* (he body including at least one *l«?t fairncd therein such 



4 



24,0806 

(hat the slot, fully penetrates fo» tubular wall; and meana 1o provide a pressure hairier 
between Che interior and exterior of title tubulin wall, tlie nmv* located wifoift foe central 
bori? in alignment with foe « t least one slot. 

The invention also provides a gyrfcm for receiving a run-in tool. The system 
s comparing a sub having w elongated body with, tubular walls and a ccnln] bore, the sub 
being adapted to form a portion oCa length of drilT siring, The sub including at least one 
station having af b*sl one slot formed therein such tlrat the slot fully pen* rales the 
tubular wall to provide a continuous channel for ibe pua«tgc of a signal. The run-in tool 
being adapted lor traiual through the drill string and into the cental bore of the nab. The 

i o system i u eluding means for nerving £ho rati- i n tool within tlie suh. 

The invention also provides a system for receiving a run-in tool. The ay stem 
comprising a sub having an elongated body with tubular walls and aecmrat bore, tlie sub 
feeing adapted to form a portion of« length of drill strfog. Tho sub including at least one 
inductive coupling means disposed thereon. The sub including aC least one signal source 

i* or sensor disposed thereon, The runriu toot Including at least one inductive coupling 
means dfepwwd fhcjcou and being adapted for transit through foe drill siring and into foe 
central bore- of the sub. TV, system also including means for receiving the nm-m tool 
within the sub, 

. The invention also provides a method for tiansmhemg and/or receiving a signal 
z& through an earth formati on. Tlie method compri sing drilli ng a borehole through the earth 
formation with a drill string, the drill string including * sub having an elongated body 
with tubular walls and including at least one station having at tea* one slot loaned 
therein, each at least <me slot folly penetrating the tubular wall to provide « continuous 
channel tor foe passage of a signal; engaging a mn-in tool within foe sub, Ihc run-in tool 
being adapted wifo signal transmitting mean* aud/or signal receiving locating the 

nm-m tool within the sub such dial at least one signal toramiuing or receiving means is 
aligned wifo al. least one slotted *inlion on the «ub; and fiansmiiting or receivitig a signal 
through tlie formation, respectively via foe transmitting or receiving- means. 

The invention also provides & method for measuring a characteristic of an earth 
m fonnation HuiTouudiug a borehefo, The method comprising adapting a duwuholc tool 
with at leaat one signal transmitting means ard at least one signal receiving means; 
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adapting the downholc tool with end means cnpab[tf of accepting a fi&hiug head or a cafcl*? 
connection; and with the fishing heart on the tool, engaging the tool within a drill string Co 
measui'e the IbntiaCitm (duuactcristic utilizing the transmitting- and receiving means; or 
with the cahTe connection on the tooJ, connecting a cable to tke fool atkl suspending the 
loo] within the borehofe to measure \hv fbnnatiou cfmracten&tic utilising the transmitting 
and receiving inrauiB. 

The invention also provides a method for sealu^ a fully penetrating upcniiig on a 
tubular, ihc tubular having an ekmgaLetl body with tubule* waIIh w\d a central hotrc 
adapted for fluid passage. The method contuses placing m insert within the opening, 
tlie insert bci?j^ Ibnricd in flic shape of the opening and appfying a bonding materia J to 
the insert and/or opening to bond the insert within the opening. 

The invention also provides u nicLhod for seating a fnljy penetrating opetiftjg on a. 
tubular, the tubular having an elongated body with tubular walls and a ventral bono, 'Hie 
method comprising placing an irkserl williiii the opening, etie iuiwrL being formed in the 
shape of the opening^ and placing retainer mews within the tubular to *ui)porf the insert 
against the opening. 

3. ttUlEPDRSCKIPTIONOF J HK DRAWINGS 

Other aapetfs wid advantages of the iJivenLivn will become apparent upon reeding 
the following detailed description arid Upon reference to the drasvings hi which: 

Hgure ] is a schematic diagram of a run-in tool iu accord with the invention. 

figure 2ii is a cioss-scctional view of & ruiwn toof showing m antenna wifli 
associated wiring and passages in accord with the in vein ion. 

Figure 2b is a schematic (Ttagftiu of a shield structure, uuirounding eui diiLcnna on 
the run-in tool in accord with the invention. 

Figure? 3 is a schematic diagram of a tnbutar member with slotted stations in 
aw jkI with the invention. 

Figures 4a *md 4b arc schematic diagrams of a mn-i/i lool engaged within a 
tubular ni ember in tweonl with the invention, 

Figure 5 graphicafly illustrates flic relationship between the slot dimensions of a 
tabular segment nf the invuition and the attenuation of passirig-dcctromagntfic energy- 
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Figure 6 is a schematic diagram of." A ruivin tool with a centoahjoa- configuration in 
accord wi th the i r i venlion. 

Figure 7a is a cross-sectroTinl view of a tubular member with a pressure barrier 
configuration hi accord will rtic invention. 

Prgnts 7b /y a cn>sB-scctioital view of* a (toe-Blotted tubular member of Figure 7 a 
along line A-A. 

Figure 8a is a cross-sectionaT view of a tubular member with auottier pressure 
barrier con fig urulion in accord with the inverujun. 

F igure 8b 1a a cross-fractional view of a thi^loitod tubular member of Figure &a 

AlOllfiJjNoB-B. 

Figure 9a is a cross-^iwnil view of a run-in tool positioned in aTfgoiroait with a 
pleasure barrier configuration hi accord wfth (he invention. 

Itfgpn* 9b iff a lop view of the ran -in twl and pressure bamcr configuration of 
Figure 9 a. 

Figure 10 is a cross-sectional *W of a pressure barrier and tubular member 
configuration in accord with Qxc invention. 

Figure II is a cma^secCro?.ua view of a slotted lobular member witb «n insert, 
seal, and retaining sleeve in accord with the invention. 

Figures 12a and 12b are oro&y-suctional views and cul-away perspectives of a 
slotted tubular station with a tapered slot and a correspondr'ny tapered Jurat in wxjoid 
wifh flic invention. 

Figure I3?t> a schematic diagram uf a run-in too] and a/Kcnnn cccentej^l wittriu a 
tubular ni emJ w m aocord with the m ventiorL 

Figures 13b and He ^ thematic diagrams of a lim-in tr*>l and antenna 
suiionuded by a tacming shield and respectively showing the shield's effect on ihc 
m agr.ietic and electric fields i n accord with the i n ventr otl , 

Pifiwre 14 is a fop. view of a aiding structure boned within ihc bore of the 
tubul ar monitor in accord wi th .the invention. 

Figure 15 is a schematic diagram of a alridding structure fonned by « cavity 
within the run-i n tool in accord wi th th e invention. 
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Figure U5 is a schematic diagram of a ma-jfi (ot>3 including a modulator engaged witlyn a 
tubular member in accwrd witfi the invention. 

Figure 1 7 i» a schematic dcaftrain tif Ihc nm-iu tool curi figuration of Figure 16 us used for 
real-time wircJcss communication with a ranotc dowalmle tool in accod wcth invention. 
5 tfgiuu 18 is a schematic diagram uf a nm-iu tool configuration for jxinwrity 

inea&ansanenL* utilising magnetic nuclear resonance techniques in accord with the invention. 

Figures 19a and [Oh are- schematic diagrams a r run-in tool antenna Lonfiguraticns within 
tubular member* in nccorcf with the invention. 

Figure 20 shows schematic diagram? of a tubular number and run-in tool con figuration 
10 with induciiyc couplers hi tmoord with the invention, 

Figures 21a and 2Jb rcKneclivciy sliow a schematic c3i*gr*m cjf an eccentereJ rnn-in tool 
and tubular member with inductive couplers and a top view of the configuration in acco/d wilh 
the- invention. 

figures 22a and 22b arc schematic diagrams of an inductive coupler configuration within 
J 5 a mti-jji tool and lubutar member to acciird with- the invojifion. 

Figure 2? is a cmss-sectiunal view of an inductive coupler and shield configuration 
mounted within a tubular meiiihcr in accord with the invention. 

figure 24 is a sdiemulie. diagram of a simplified inductive coupler circuit in accord with 
(ho invention. 

20 figure? 25 "is a flow chart illustrating a method Tor (nunsmitting and/or recei vrng a signal 

through an earth Cbrmatiun Ira acoond wLch the inventi on. 

Figure^ is a flow chart illustrating a method tor measuring a chjiracfcaistic of an eaith 
ibrjniiCicm surrounding a borehole in accord with tho invention. 

Figure. 27 is a flnw chart illustrating a method far sealing an oj>cwng on the suiface of a 
25 tuhutor member in accord wiih thoiirvccition. 

Figure 28 is a How chart riloaCruliny a method for sealing a fulty penetrating opening on a 
s dr foe of a tub ular v\ emher iu accoml with the invention. 
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4, DETAILED DlCSCkl P I ION OF SPECIFIC: KM&ODIMEN TS 

In the interest ol^UmCy, not all features of aciual iniplcincntation are described in 
this spoliation, II will be appreciated iJxai although the development of any radl acCual 
implementation might he complex and tirne-consuxningj it. would nevertheless be a 
* routine undertaking for fhore or ordinary skill in flic *rt liaving the bene 111 of this 
disclosure. 

Hie apparatus of the hi mention consists of two rr\wu ttssots, a run-in tool (RIT) and 
a driTl cnll^r, Henceforth, tliedrifl collar v^itt be referred to as the nuh. 

ic 4.1 KIT 

Figure 1 shows an eatihodimenl of the RIT 1 0 or the invention. 'Ifie RIT 10 is an 
elongated, raiall-diauirtcr, inefaJ mandrel lhat may contain oxit? or more antennas 12> 
Bouncy sensors [sensor/dctwiur arc interchangeable terms as used Tiemn], inagjiet% & 
Sarnrna-wy dufoctoi/gcnei'ator assembly, iiciitroii-geaeratbfi/dc?lx»tii\g assembly, virions 

is electronics, batteries, a downhoJe processor, a dock, a rend-out port, and recording 
memory (no I shown). 

The RIT 10 doc* not have the mechanical requirements of a drill collar. l v h\is f ifas 
xoediauical constraints greatly reduced. Hie RIT 10 has. a Tiding mechanic 
(dinger) 14 on the bottom erAd and a fishing head 16 cm the top. The Halting head 16 

30 allows lor the RIT 10 to be captured and rcliicvcd from within a, sub with ftie «to of a 
wjnvcntioiial extraction tool suoli as the one desenJbcd in UjJ. Pat, No. 5 ,27 N, 550 
(assigned to the pteysn(. assignee). An advantage of the fiflhflbl* RIT 10 assembly is a 
reduction orj-oet-Ih-Holc costs. 

As shown in Kigur* 2*, each antenna ! 2 on flic KIT 1 0 cotitfiats of mul ti-twn who 

25 loops crocuscd iu fibergJass-epoxy IS mounted in a gjww in the RIT 10 pressure housing 
and seated wilh mbbcr over-moldrog 20, A feed-through 22 provides & passage for the 
>uitama 12 wiring, leading Co an inner bone 24 within the R3T 10, Each anterjtia 12 may 
be activated to rweive or trausmrt an d^Ci-oraagiietic (RM) signal as known in the ail. 

Tte Hiitamas 12 radiate m aziniuthat eTeeirio field. Each wikiuia 12 is ptcfcrably ' 

30 surrounded by a sfaiule&vftieri shield 20' (si miter (a those described in U.S. P«l, No- 
4 > M5WM5 I assigned fo the present assignee) thai lias one or marc axial slow 28 amtyed 
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around the shield 20 circum ference. Figure 2b shown the a^inl slots 28 distributed around 
the anciimfeneace of the shield 26. Tfie s>kieklu 26 are short-circuited at die axial ends 
info the metal mandrel body of the UfT 10, Tluac shields 26' permit transverse electric 
(TE) radiation to propagate ihrough while blocking transverse magnetic (TM) and 
tran$-vbf«e elwlromagnotic (TKM) radiation. The shields 26 also protect the antennas 12 
from external damage. The R1T 10 electronics ami sensor aichitectiire resembles that 
described in U.S. Pat, No. 4,299,1 1 2 (argued to the present assignee-}, 

4.2 Sill) 

Mgure .1 shew* an embodiment of a sub 30 oftac invention. The sub 30 has an 
elongated body with tubular walls and a central bone 32, The sub 30 contains neither 
electronics nor sensor* «ud is fully metallic, preferably foimcd from stainless steel. It 3» 
part of the nonnal bottom hnfe assembly (BHA), and it is cu the hole with the drill siring 
for the duration of the bii run. The sub 30 has normal threaded oil Meld connections (pin 
and box) at each end (not shown). 

'lite $tib 3.0 ineludes one or more stations 36 with one or. more axial slots 38 
placed along Iho tabular wall Hach elongated axial slot 38 fully penetrates the tubular 
wall of the sub 30 and ispneferubly foimod with fntly rounded ends. Stress Modeling lias 
shown that mihcr long slots 38 may be formed in the sub 30 walls while still jnamtah-ifog 
Ihc Blractiind integrity of the «iub 30. Stress relief grooves 40 inay be added to the OD or 
the sub 30, in regroriK uw«y hvm the slot(s) 38, lo miuiuuze the bending moment on the 
slot(s) 38. 

Bach slot 38 provides a continuous cfiatmcl for electromagnetic dua^y to pm 
through, the sub 30, The slots 38 block I'M radiation but allow the passage of TE 
radiation, alhdi with some attenuation. The degree of attenuation of TE fields by die sub 
30 depends on factors such a# frequency, tlie number of slots, slot width, slot length, 
collar 01) and ID, and Che location and dimensions of tlie KIT 10 antenna. Per example, 
Figure 5 show* the sub 10 attenuation measured at 400 kHz with a 25-turu 1/75-hich 
diameter coil centered in 3.55-inch ID, o". 75-inch OD subs 30 with one or two slots 38 of 
different lengths and widtliB. As evident liwia Figure 5, adding more slots 38 and making 
the *lx>l8 longer or wider decreases flic attenuation. However, with only one or two 0.5- 
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inch wide 6-3 inch long dots 38, the sub 30 attenuation is already ~lfl dB, which is 
sufficiently low for many applications. 

Iii operation, the HIT ].() m pumped down and'or lowered though Co drillstring 
on cable at tJie em! of Che bit run and engaged inside flic sub 30, The RIT 10 is mccived 
by A landing "shoe" 42 within the central bone 32 ol" the Biib 30, as shown in Figure 4a, 
Figure 4b, shows ho* the RIT 10 is located m (he sub 30 so that antenna 1 2, source, 
or sensor is aligned with a slot 38 in the sub 30. The landing shoe 42 preferably also lias 
a latching action to prevent «ny axial motion of tlie FIT 10 once it \a engaged inside the 
sub 30. 

Turning to Figure fi, an embodiment of the trivenuxm includes a wannifoer. 44, 
which seives fo towp the RIT 10 centered and liable within tlie sub 30, lowering shock 
levels and reducing tlie ettecix of lool motion on the measurement. One or more 
ccutializers 44 may be mounted within the cental bore 32 to ooiufoan the KIT 10 and 
keep it fiorn hitting tlie ID of the sub 30. One or more spring-blades 46 may also be 
mounted to extend from the CtMitializer 44 to prov We posihoning stability for the KIT 10, 
The spring-blades 46 are compressed against. Iho KIT 10 when it is engaged wiQiiii the 
sub 30. Bolts 48 with O-ring seals 50 may be used to hold the centralr/ettjj) 44 iu the sub 
30 while preserving ihe pressure barrier between die ID and the OD of the sub 30, 

Alternatively, the cental) iiior 44 may be mounted on the RJT 1 0 rather than on the 
suh 30 (See Figure 16). In this case, the ccntralizcr 44 may be configured to remain in a 
retracted mode during the dip down, and to open wlicnthe RIT 10 lands in the sub 30. It 
will be understood that other Cttilializcr 44 configurations may he implemented whb (he 
invention as known in ibe- ait 

'[Tie RTT 10 and sub 30 have EM properties similar to a coaxial cable, with the 
RIT 10 acting as the ftixier conductor, and Qie sub 30 acting as (he outer conductor of a 
coaxial cable. If tiic drilling mud i* conductive, th« A Iho "coax" is tossy, If the drilling 
mud ia oil based, the "coax" will have iilUe attenuation. Parasitic antenna 12 coupling 
may tale place inside of the sub 30 between receiver-receiver or transmitter-receiver. As 
described above, the shields 26 PiinYiUYiding tlie antennas 12 arc grounded lo the mandrel 
of tlie lilT 10 to minimize capacitive and THM coupling between Uicni. Electrically 
balancing the antennas 12 also proxies for THM coupling rejectinn. The centralf™* 44 
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may also be used as a means of couted to provide radio- frsquwioy (if) short-dncuito 
between the RIT 10 and Cbi? sub 3D to prevent paretic, wupiiug. Kor exKruplc> small 
-wheels with sliaip teeth may be mounted on the centralizes 44 to ensure a fijffd shorf 
between the RfT I f) tfnd (he buIj 30 (not shown). 

4.3 PircfiT^iuU Barrier 

Since each alot 3S fully penetrates the wall c>J' (te sub 30, cui insulaKj^^ pressure 
bamer is iwcd u> m&iutain the differ eiitial prv^urc between tlie inside ari<l the outside of 
the sub 30 and (o maintain hydraulic integrity. There are a varijeCy of methods lor 
establishing a pressure bauicr between the Aub 30 ID and OD at the slotted station 36. 

Turning to Figure 7a, an embodiment of a sudi 3f) with a pressure humtr of the 
ifiYttUiun ia shown, A cylindrical si ewe 52 is positioned within the Central bone 32 of the 
sub 30 m alignment with the slot{s) 3S. The sleeve 52 is formed of a material tlitf 
provides transparency to HM cucagy, Useable materials include lbs olass of 
po1yetherketone$ described in U.S. Pat No. 4,320,224> or otter suitable rcshis. fro^tfjc 
foe, of Wosf Chester, PA rjitmuluchora one type catted PEEK. Another usable 
compound is known as PEK. f/yjfcvr Fibmtc> Greene /tiw/Z, And market olier 
suitable thermoplastic resin materials. Another useable- material is Teii^gcmal Phase 
Zirconia ceramic (TZl*), manufactured by Coor.? Ceramics, of Golden, Colorado, IC will 
he appreciated by those skilled in the art thai Uicsc? and other imterialB may be combined 
to fonn a useable sleeve 52. 

PE&and PBBK can withstand substantial pressure? loading and hove bcxai used for 
harsh dnwnbole cKjmdi lions. Ceramics csm wilhefciud substantially higher loads, but Uicy 
are not particularly tolerant to shock. ^rripositLoiis of wound PEEK or PER and glass> 
c«iTbau r or KEVLAil may afao he wcxJ to enhance the sircngih of the sleeve 52, 

A retainer 54 and spacer 36 aie include within the cenTtfclborc 32 to support die 
elceve 52 and provide for diBplacuincnt and alignment with the slots 38. The sleeve 52 is 
positioned better) (he ncfaiiier 54 and Apa^cr 56, which are fanned as hollow cylinders 
to fit coaxially within the centra) boi^e 32, Both are prefi&ftbly made of stainless steel. 
Hie letair^r 54 is connected to the sleeve 52 at one aid, with the stoevo 52 fitting 
coaxially mside the retainer 54. As the dilTtsailial pressure increases within Hitt ID of the 
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mib 30 during operation, the sleeve 52 takes Iho loading, isolating the sub 30 fiom the 
pressure in (to doited region. Hydraulic integrity iy maintained at the junction between 
the sleeve 52 and retainer 54 by an O-riug seal 53. A fitted "key" 55 is used to engage 
Ihc sleeve 52 to the retainer 54, preventing one from rotating relative Co the other (See 
Mgtire 7a blow-up). An index pin 57 is fitted Ihrough the sub 30 and eagNgcd to the free 
«nd of tire retainer 54 to prevent the njlaincr from rotating withm «Jw bore 32 of the *ub 
30. 0-i'ingh 5 C J are «J»o placed within grooves on the Ot> of the retainer 54 to provide a 
hydraulic seal between tlie retainer 54 and Iho sub 30. 

Tti ijpcrstficn. Hie internal sleeve 52 will likely uiukago axta! thermal expansion 
due to high downhole temperatures, Thm, it is preferable for the sleeve 52 to be capable 
of axial rnoveweal rb il undergoes these changes m order Co prevent buckling. The spacer 
56 consists of an inner cylmder 60 within an outer cyfinder 62. A spring 64 at one end of 
the <>D of fbc inner cylinder 60 provides an a*mi (brco against the outer cylinder 62 
(analogous to an automotive shock absorber). The outer cy Under 62 is connected Co Ihc 
alcove 52 using the key 55 ami O-rmg seal 53 al the junction as described above and 
shown in the blow-up in Figure 7a. The spring-loaded spacer 56 accounts Ibr differential 
thenrud expansion of the component. Tlic sub 30 embodiment or Figure 7a is shown 
«Oim«o(cd (o other tubular members by Threaded oilfield connections 70, 

For purposes of illustration, a sub 30 with only one slot 38 is shown in Figure 7a. 
OUicr embodiments may include several alcoves 52 interconfieeled in the described 
manner to provide individual pressure barriers over multiple slotted stalions 36 (not 
shown). With tins configuration, onfy two 0-iing 53 seals to tile ID of the sub 30 are 
used over the entire slotted array section, This minimizes (lie risk involved with dragging 
the O-ri0£p 53 over the slots 38 during audibly or repair. P/gurv 7b shows a Cfo$»- 
socttoii of tlte sub 30 (Alor« line A-A of Wgure 7a) with a three-slot 38 configuration. 

Figure 8a shows another embodiment of a sul> 30 with a pressure barrier of the 
invention. In thin embodiment, the spring-loaded spacer 56 maintains (lie outer cylinder 
62 abated against, the sleeve 52 and O-riugB 68 arc placed wiclitn grooves on the OD of 
1he rioeve 52, preferably at both ends of the clot 38. Tlic retainer 54 rests at one end 
against a shoulder or lab 5S fibnned on the wall, of Hie central bore 32, Figure Kb shows a 
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cross-section of the sub 30 (»Umg line- B-B of figure 8a) with a thicoslot 38 
configuration. 

In another einbo(lim<a'il of a pressure ba\rier of the invention, a sleeve 52 roadc- 
out or PT3T5K t»r FJvK, or glass, carbon, or KEVLAR filled vcisioiis of these niateiials,' 
may bo bonded to a metal insert, (not okown), where the inseri contaius O-rings to seal 
iguiueC Chu sub 30 as described above. The metal insert could be mounted wimui the sub 
30 as described above or with the use of fastener mbhw or locking pins (not shown). The 
sleeve material may also hs molded or wrapped onto tlie suppurtiug insert, 'the fibers in 
the wrapped material can also bo aligned to jnwide additional strength. 

Figure 9a ahows another embodiment of a pterin* bairicr of the invention. In 
this embodiment, the cylindrical sleeve 52 k held in alignment with the sbt(B) 38 by a 
metal retainer 72. The retainer 72 may be foiraod as. a single piece with an approbate 
slot 74 cot into it for signal passage as shown, or as independent pieces supporting ihc 
sleeve 52 at tlie top and bottom (not shown). The retainer 72 may he oonrirrimd from 
axial movement or rotation within the sub 30 by any of several means known in the art, 
including an index-pin meetattrian or a kcyed-jain-mit typo airangemera <not shown). 
The slot 38 may also be filled with a protective insert as will bo further described below. 
In operation, a RTT 10 is positioned within the *ub 30 such that the antenna 12 is aligned 
with Iho sbt{s) 38. 

As shown in Figure 9b, the retainer 72 is formed such that it extends into and 
reduces the JD of the sub 30 to constrain the RIT 10. Mudflow occurs through several 
channels or openings 76 in the retainer 72 and through the auxuluv 7S between (he RIT 10 
and (he retainer 72. The retaina- 72 in effect acts as a ccnnalizer to slabilizc the EtJ.T 10 
and" to keep it from shitting the ID of liio sub 30, Towering shod: levels and increasing 
reliability. 

Figure 10 shows another embodiment of a pressure barrier of Iho invention, A 
Bub 30 may be fbmicd with a shop joint 80 so that the fcteeve 52 can he inserted within the 
central bore 32, The sleeve 52 is formed as described above and pwvidea. a hydraulic kc«I 
using O-rings tt within grooves at both ends on the Cjn of die sleeve 52. The sleeve 52 
is restrained from nxhl moved j«H, within the central bore 32 by a lip 84 formed on one 
end of tlie two-piece sub 30 and by ihe end of the matching sub 30 joint. Since the sleeve 
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52 sits flush wttfam a recess SH in the 11) of til* sub 30, this confiearacion offers 
unrestricted passage to a Targe diameter RIT 10. TJus configuration also provides easy 
access to the sleeve 52 and slot(s) 38 tor maintenance and inspection. 

'luming to Pigure f 1., another embodiment of a pismire barrier of the invention is 
»i\»Wn. The slot 38 in the sub 30 i* tbree^tqiped, preferably wrth fUJIy rounded end's. 
One of the steps provides a hearing shoulder 90 for an insert 92, and fixe other two 
surfaces form the geometry Jbr an O-riiig groove 94 in conjunction witli the insert 92. A 
modified O-rmg seal consialB of an O-iing 9<1 ttrefchftil around flie insert 92 at the 
appropriate step, with mclal elements 98 placed cm opposite sides of the O-riug 9(5. "J he 
metal elements 98 are preferably m Ibo fbnn of closed loopa. 

The tflwvo 52 may be fitted v/itl\cri lbt» sub 30 with otic or more O-rtagt (nol 
shown) to impjove hydraulic integrity as describeit above. As shown in Figure- 11, the 
sleeve 52 m*y aim? have a slot 100 penetrating its wall to provide an unobstructed 
cluMmcl for any incoming or oulgoiug signal. The tfeove 52 may have a matching slot 
1 00 lor every slot 38 in tlie sub 30 . 

'tlie insert 92 and sleeve 52 are preferably made of (lie dielectric nMerials 
•described above to permit llic passage of EM etwrgy. However, if the sleeve 52 is 
configured with a slot 100, tlie sleeve 52 may be fonned from any suitable material. 

If the sleeve 52 in wnfigurcd witli a slot 100, the internal pressure of the sub 30 
may push tlie rose* 92 outward.. "Hie hearing shoulder 52 takes Ibis load. As ihc internal 
ljressurc increases, the O-tiug 96 pushes the metal dements 9» against an extrusion gap, 
which eCJiwtivoly closes off the gAp, As a result, there is no room for exlrusiou of the 0- 
ring 96. Since the metal ist much harder than the O-rmg material, it docs not extrude at 
atJ. 'the mortified geometry therefore creates a scenario wlicrc a soft element (tlie O-ring) 
provides the seal and * hard clement (the n.plsl loop) prevents extrusion, which is the 
ideal seal nidation, hi the event a I' pressure reversal, the- sleeve 52 captures the insert 92 
in Ihe slot 38, preventing the insert 92 from being dislodged. 

Other pressure barrier ^figurations may be implemented with the invention. 
One approach i$ the use of several individual sleeves 52 connected together by other 
retaining structure mid restrained hy «presBuix>.ditTererii.ial seal or a jam-out arrangement 
(not shown). Another approach ia the use of a long sleeve 52 to *pau multiple slotted 



15 



24.0806 

stations 38 (not shown). Still another ^jiroacl* is (lit? ubc of a slcove 52 affixed to the OD 
oflhe buI 30 ova- the slotted region, or a combination of an interior and exterior sleeve 
52 (not shown). 

4.4 Slot Inserts 

While the slotted stations ol' the invention arc effective with Mly open and 
imbkivked dots 38, the oper ational life of the assembly may be extended by pre-veuthig 
debris and ffnids ftorn entering and ending Ihc slots 38 and the msaTaiing*locvc52. The 
slots 3K could be lifted vrf.1h rubber, «n cpoxy-fiberglass compound, or another suitable 
filler material to keep fluids and debris our while pcunitting signal passage, 

An embodiment of a sub 30 with a Lapcrcd slot 3« is shown in Figure 12a. The 
slot 38 is taper ed such that the outer opening W, h narrower than flie inner opening 
as show u> Figure 12b. A lapcrcd wedge K8 of insulating material (e.g., fiberglass 
cpoxy) is inserted within the tape^d dot 38. The wedge 88 may be bonded into the sub 
30 wiih rubber. The rubber layer surrounds the wedge 85 and bonds it into llie Bub 30. 
An aimulus of rubber may also be molded on the interior and/or exterior surface of the 
sub 30 to sail the- wedge 88 within the smi-38. 

4.5 Focusing Shield St ruefwms 

Measurements of the attemutfion Of Uio TE radiation f«>m ft aimuJc coil-wound" 
antenna 12 through a single slol 38 of reasonable dimetisiujj* show that the TB Itdd is 
notably attenuated. 'Iliis attenuation can bo reduced, however, by using shielding around 
the atitevna, J 2 to focus the EM' fields into (he dpi 38. 

Turning to Figure 13a, anautauia 12 consisting of 25 turns of wireoua 1.75-inch 
dtaadar bobbiu \va3 mounted on a l-bieb diameter metal RIT 10 and positioned tully 
cccated radially inside Che bene- of a 3.55-inch TD, (k75*iwh OD sub 30 against the slot 
38 and centered vertical?/ oti Ihc slot 38. 'Hie measured attenuation of Ihe TE field 
between 25 kHz - 2 MT V/, was a nearly constant 1 6.5 u"B. 

Turning to Figure 13b, the same meanuretJtcnt was performed willi tho antenna 1.2 
inside a thin shield 102 formed ol'a metallic tube with a OS-nek wide, 6-inch long slot 
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10+ aligaed with the slot 3S in the sub 30 (not shown). The antenna 12 was fully 
sunxmndcd by the shield ] 02 except lor the open slot 104 and placed hisido tlie sab 10, 

The aaaautfiai] willi this assembly in the $wne mib 30 was 1 1 .8 dR. h reduction of 
the attenuation of nearly fl <\B, Figures 13b and J3c respectively show how (he shield 
102 aflbcta the magnetic and' eJectiic feU*. The attenuation due- lo this shield 102 alone 
is minimal. 

Figure 14 shows another embodiment of a shielding structure of the invention. In 
fli is embodiment, the central bore 32 of the stib 30 is configured with * bracket structure 
lOfi thai staves as a focusing shield by microimding the antenna 12 when the RfT 10 is 
engaged within the i^b 30. 

Figure 15 sliowe another embodiment of a shielding stracture of (he invention. 
The mandrel of Che RIT 10 lias a machined pocket or cavity 10$ in its body, A coil 
fauenna 12 wound on a hoblun J. 10 made of dielecirro material is mounied within the 
cavity 108. A /.cnito rod may replace the dielectric bobbin NO. With this configuration, 
the body of the RfT 1.0 iluelf serve* as a focusing shield. The hydraulic integrity of' the 
RIT 10 fOwwiiilKincd by potting the ame/ina 12 with fiberglasp-epoxy, rubber, or mother 
suitable substance, Tlie attenuation of a coil anaemia 12 having 20(1 turns on a 0.875-iuch 
diameter bobbin was raewurcd for this assembly mounted the same way as described 
above in the same sub 30. The measured attenuation w>* only - r 7 dB. Jl will be 
ftpprceialed by those skilled ixi (lie ail that other types of sources/sensor* may be housed 
within the <Mvity 1 08 of the RJT 10. 

4.6 KiT/ Sub Configuration* 

Figure 16 shows another embodiment oi the invention, A sub 30 of the invention 
is cn»i«ated £o another tubular 111 fanning a nwIsou of a drrllslring. The RIT 10 
includes an antenna ] 2, a linger 14 at tlie lower end, and a fishing- head 16 at the lop end. 
The stiver 14 is received by the landing shoe 42 on Uie»ub 30, which serves to align the 
oflteiuiH 12 with the slotted datum 36. As abov* (he RIT III of this cmbqdimen( hwludos 
various electronic*, batteries, a downliole processor, a cluck, a road-out port, memory, 
etc. (iiot shown) ijj a prosanre housing, The SIT 10 may also incorporate various type* of 
souices/Kerttiova as known in ilie«rt. 
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4.6.1 RTT with Modulator 

The RIT 10 of Tifcare \6 is also equipped with a modulator 116 for signal 
comrmmiefltiofj with ihc surikec. As known in the art, a useable modulator 116 comiisCft 
of a rotary valve that operates on a continuous pressure wave in the mn4 column. By 
changing the phase of the .signal (fluency modulation) and detecting these cViatigc^, s 
signat can be tjansin toted between. Llijt? surface im<I the "KIT 10. With thia configuration, 
one can said the RIT 10 through the dril 1 firing fcr> obtain measurement d*to (e.g (> 
resistivity or &sjnima-ray cuuufa) of fomiation characteristic said lo communicate sueh 
diila to the suvfiicc hi rcai-time. Alternatively, ft]l on* some of the meaAurefOeol data may 
be stored down hole in the RIT 10 memory for later retrieval. The modulator 1 Tri injxy 
also be ubixI to vciify fliat the ttlT 10 is cocr^dy positioned in .the gub 30, and that 
measurement* arc functioning properly, It wtfl lie appreciated by those stilted in lh* ait 
thai a modulator 1 16 assembly rtuty b& incorporated with all of Ihc RlT/suh 
tn iplcmjoiUUioiis of the invention. 

Vigxufr ] 7 allows Hnolhcr embodiment of the invctilioiv The subs 30 aud RTTs 10 
of Ihc invention may be used to communicate data audfor between the 

surface and a remote toot 1 1.2 local ed along the dviJf string. For purposes of illustration, 
the Kiol 112 is shown with a bit hox 1 13 a£ 1h* botloni portion of a drive diaft 114 *lfie 
dr'rve fthaiT 1 1 4 uoniiceted to a drilling motor 1 1 5 via an internal (ransinlmxm assembly 
(not shown) and a bearing section 1 17. Tie tool 112 ako lias an tfjittma 12 mounted on 
the bit box 1 13. 'fine motor 1.15 rotates flic shaft 1 1 4, which rotates the bit bra 1 13. s thus 
rol ating the antenna 1 2 duri tig drilling, 

With t>i<j cvudRguration of Figure 17, t>ie= RIT 10 may be engaged within the stub 
30 al. the surface or sent through tbe drill string when the sub 30 is at a desired downliob 
position. Omce engaged, a wireless com rouaiealion link may be established between, the 
antcima 12 on the RIT 10 arid Ihc antenna 12 on Che tool 112, with the *%ihI passing 
through the slotted tfAtfuu 3<5. In this manner, realHimc wireless communication between 
the surface and Uxc downhoic toof 1 12 maybe established, it wfU be appreciated by (hose 
Skilled in the ait that other types of sensors and/or H^gnal tiansniittcng/r^eeiving devices 
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may be mounted on various typos of remote tools 112 far a>rjnn animation with 
Cvrrx*«p<>rulifig devfcea mounted on the BT.T 1.0. 

4.6.2 Nuclear Magnetic Resonance Sensing 

[f is known that when an assembly of /aagnelfa moments such as those of 
hydrogen nuclei arc exposed to a static- magnetic field they tend to align along the 
direction of the magmslic Jiekl„ ftgcultiiig in bulk lnagnctization. By measuring the 
amount of time- fin- Hie? hydrogen Duolri to realign their spin axes, a rapid riutKlts»lrac(ivc 
dcfcnmnafioii of porosity* movable fluid, and permeability of warlh fonnations is 
obtained. See A. Timor* Pulsed Nuclear Mag>ietic Resonant** Nut/iva of Porosity, 
M&vahUt Fluid, and Psrawahiliiy af SSffnttilwm* JOURNAL OF PETROLEUM ITaOHNOr.Ot'lY, 
June 19ti9, p. 775, U.S. Pat. No, 4>7i 7,876 describes a nuclear magnetic TCsuimncc well 
loggi ng i n fitiument einj) foyi ng tfl e tecb ci iq\i erf, 

A djetenninafioii of formation porosity from triiiguelic resonance may be obtained 
with * nort-Trfcigrietic &ub 30 wf Ihc invention as shown in Figure IS. The nub 30 ram be 
fonned of the typical high-strength non-magnetic fttwl rnswi in the industry, 'lli-e RfT 10 
contains tlic electronics, batteries, CPU, memory; etc, ?i$ described above. Opposing 
permanent magMtg 1 1 R cotUmiwh] iu the RIT 10 provide the magnetic ltdd. A if coil 120 
its mounted between the magnets 1 1 S for generating a /n&grtftio field in the same region TO 
excite nuclei oJ"Ch£ Jbmw1i.oii vicinily. The design of the rrcoiT, 120 is similar to tlie 
antennas 12 described alsove in being a muJti-lum loop aitfeima with a central tube for 
through wires and mechanical ftterjfjlh. The pennanent magnets 1 18 md rf coil 120 are 
pr&fcrably housed in a non-magnetic section of the mb 30 that Jiae axial slots 3K wath a 
pressure barrier (iioL yhow-n) of the invention. 

With a lion-magnetic suh 30^ Lhe atoto magnetic fields £3 0 ihmi ihc permanent 
magneto 118 penetrate mid the uuiTouiuling formation to eauite (he nuclei within the 
surrounding fonnatlon. 'Hie coil 1 20 ia the RIT 10 provides a rf magnetic field B 5 , which 
w perpendicular to B n outside of the sub 30. The uoil 120 is positioned m ftJigmncirf 
wi Ih the axial slo*{s) 3 & hi the sub 30. 

A magnetic resonance nuwwuivnwnt while tripping rj.i&y be moro complicated in 
ci>mparf«o;K Co ]?ropagatton resistivity jnea^nnefjicnls due to variouK factort^ including: an 
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inherently lower signal-to-noise ratto, permanent magnet form factois, rf coil efficiency, 
high. 0 autenjia tuning,, high power demands, a<id * bIowc* logging speed, 

4.G.3 Gamma-Ray Measurement 

K is known that garmnx. ray hausporf measurements through a formation can be 
used to determine rts characteristics such as density. The interaction of gamma rays by 
Cctonpton scattering is dependent, only upon the number density of.' Ihc scattering 
electrons. This in turn is diiectly ijroportional to the-, butk density of the formation. 
Conventional logging ioolw have been implemented with deteciort* and a source of 
gamma rayR wbose primary mode of interaction is Coinpton wittering. See. U.S. Pat, No. 
5,250,806, assigned to tlie.preacnl. assignee. Cani/xia ray fonnatrnn. measurements havo 
also been, implemented in LWT technology. See Logging white tripping nut* time to nut 
gamma ray, Oil & C?AS Journal, June 19%, pp. 65-66. The present invention may be 
used to obtain, gamma-ray measurement* as known in the SiX, ijroviding advantages over 
known imju'enienuttions. 

The subs 30 of the invert (ira i>rovidc tlie structural integrity required for drilling 
operations white also providiug a Jow-deix*ity channel for the passage of gamma rays. 
Turning to Figure 4b, this configuration is used to illustrate a gamma-ray implementation 
or Hie invention. In this implemented, a RlT 1(1 ih equipped with a gmiini»xay source 
and gamma-ray detectors (not shown) of the lypc known hi the ail and described in the 
s 806 patent, The antenna* 1 2 oi Figure 4b would be replaced witb n gamma-ray source 
and gamma-ray detectors (not shown). 

Two gxmma-ray detector are typically used in 1Mb type of mcwnireinont. The 
ganrtna-nty detectors are placed on the KIT 10 at appropriate «pacuigs fiom the source as 
known ij? ihc- ait. r fhe slotted Btaiions 36' are aleo appropriately placed to match the 
source and detector positions of the KIT L0, Calibration of the measurement may be 
required (o account for the rays hausmiffed along Uio inside of (he sub 30. The gamma- 
ray detectors may also be appropriately housed within Hie RJT 10 to shield thorn from 
direct radiation. Ironi the souixie aa known in fJie art. 

Turning to Figure 14, this configuration is used to illustrate another gamma-ray 
implementation of the invention. With the R1T 10 equipped with the described gamma- 
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ray assembly and eccenteml toward the slots 3K, Qua configuration will capture the 
scattered gamma ray* more efficiently awl provide loss traiunnwsion loss. 



4.6.4 Resistivity Mchsui eniMif 

The invention may tie uecd to measure formation, rasistivky using electromagnetic 
propagation techmqucs- as known in the avl, including those ilmm-ftcd in LIS. Pats. Nbs. 
5,594,343 ami 4,899,112 (liotb assigned to tlie present assignee). Figures 19a and ]% 
show itve RJT 10 / sub 3 (J configuration* of the Envenlion. A pair of ceofciUy located 
receiver antennas Rx are used to measure the phase shift and attenuation of KM waves. 
Ixxft-up Cables may l>e used lo dcfcnnine phnw shift resistiviey and attenuation 
j^esistivrty. Transmitter antenna* Tx are placed above and below the receiver antennas 
Rjt, eichn- in the configuration shown in Figure S9a, which lias two symmetrically pTaced 
transmitter antenna* Tx, or in the configuration shown in Figure 19b, which has several 
transmitter antenna* Tx above and befow xht iceeivcr antennas Rx. Tlie ai^hiteeluie of 
Figure 19a can be used to make a borehole compensated phofte-ahifl and attenuation 
resistivity measurement, while the multiple Tjk spactngs of Figure f9b can measure 
borehole compensated pha^e-shift and attenuation witli multiple depths of investigation, 
Jt will he apjirtwiafed by those Celled in the art that oilier source/sensor configuration ft 
and algorithm* or models may he used to make formation measurements and determine 
the forma (ion characteristics. 

4,7 liidu ctivci y-Coupled RlT / Sub 

Turning to Figure 20, other embodiments of a sub 30 and RJT 10 of the invention 
arc shown. 'Hie $nb 30 contains one or mure integral aMemias 1 2 mounted on the 0£> of 
the elongated body Jbr Inansmitting and/or Ticcciving eleolromagiietrc energy. The 
antennas 12 are embedded in fiberglass epoxy, with a rabtor ovor-inold.uig as described 
above The fiub 30 also has one or more inductive couplers 3 22 distributed along its 
tubular wall 



21 



„ 77483-75 

The BIT 10 lias a snuH-diftctieter presKnce housing sucii as the one deHcribizrl above* 
which cociiainfi KlecLrimicw, baftcrics, downholc processor, clodwK, r«uJ-o«( port recording 
TncTTwsry, etc, and otuvor more inductive couplers 1 22 enounced uhnig body, 

As shown in Figure 21 a> Che RTT tfl i« cctcnfcrcd insicfc the siib 30 so thai Ihe inductive 
5 couple^*} [22 in the RTT 10 and fhc inductivo couples) 122 in the »ut> 30 *rc in dose 
proximity. The couplers 120 consist of winding formed around a ferrite body as known in ihc 
art Peed-lhroughs 124 dmnwt llic antauia 12 wires to the inductive coupler 122 Incited in a 
small poefcef 126 in flic sub 3D. A metal shield 128 wilh vertical &tote covers each antenna 12 Co 
protect it from inecliamcal damage and provide Ihe dero'red electromagnetic liltciing pro^r^rLic^ a? 

10 previously described. OrnscCly posilioiiiiig ihc KIT 10 inside the sub 30 /mprttvea Ihe efficiency 
of the inductive coupling, Poeitioniiig is accomplished using a stinger and landing shoe (See 
Figure 4a) to ecoenter the RJT 10 within iheaub 30. Figure 21 b provides a top view of the RTT 
10 ecuentered within the sub JO along Jiiic 21b of Figuio 21a. it will be apprecrafed hy those 
skilled ics tho art that otluex eceenfering systems ttiay be usred implement <bc invention, 

15 As ihown in Figure 22a, the inductive uuuple™ 122 have "U" shaped cores nude of 

rerrite. The femte core urul winding are pr>lfcd in fihcrglass-cpoxy, ova* molded with rubber 
331, Krul mounted within a coupler package 130 fomicrf of metal. The coupler package 130 niziy 
be formed of staiulcss steel or a non-magnetic metal. Standard O-ring ratals 132 placed wound 
the cnduLtiv« coupler parage 1 30 provide a hydraulic seal. The inductive couplers 122 in the 

*v KIT 10 inay also bo potfod in tibergJUiss-epoxy arid over mulcted with rubber 131. A fhiri 
cylindrical shield made of PEEK or PT1K may alwi he placed on tho OI> of the sub 33S fo protect 
and secure Ihe onupleT piickagc 1 30 (not diown). 

In operation, ihoro will bo a gap between the indnctivo couplers 122 in the RIT 10 and (he 
mb 30, so the coupling wilt not be IM%.eIlIcient. To improve Ihc coupling efficiency, iind fci 

25 lessen the eflTecUt ufmix-alignrnerit of ihc pole facevs, it is rlrartnjbJo for the polff faces to haw AS 
largcasurfiicoarofl as possiblc> 

Figure 22b shows a 3.75-inch lung by 1-inch widefllot 38 in the sub 30. The polo face 
tor Ihiw inductive coupler 122 i»f l.l-inchcs long by 0.75-incli wide* giving an overlap area of 
0.325 square Snellen ibis configuration maintains a high coupling elliciwicy and reduces the 

30 effects due fo the following: movement of the RIT 10 during 
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drilling 07 hipping, valuations in the gap between the inductive couplers 122, and 
variations in the angte of the R1T 1.0 with respect fo the sub 30. Another advantage of a 
long sloC 38 design iw Jlinl il provides space for die pressure fcod-thiouglis 124 m the 
inductive coupler package 130. 

Antenna fulling dements (capacitors) mny also be placed in thfe package 130 Jf 
neoded. If will be appreciated by ihwc skilled iu the art thai altar Mpcrtuix> configuratroiia 
fMy be fomuaj in flic walls of f lie sub 30 to achieve Lhc desired mductivc couplings such 
as; the circular fades aliown iu Figure 20. 

Since the pressure inside the &uh 30 will be 1-2 Kpsj" higher than outside the sub 
30 cu most case^ the irjutaeliv& coupler package m (should be mechanically teld in 
plow* Tuimiiit to Figure 2.1, the infetDCW shield 128 can be used to retain the induct^ 
ampler pudutgc 130 in place. The sluelii 128 having slots over the antenna 12 as 
dewiibwJ above, but solid elsewhere, TJw solid portion retaiti^ flic inductive coqpfcr 
package 1.30 and trite* fhe bad fioin the diJVerentinl ]jncasurc drop. TaH& may also be 
placed on the outside of the inductive coupler package 1 30 lo kocp it from moving iuwaid 
(wit sbowu). Tiro sliicld 123 may also be thn^Jod on its ID^ with Hw Ihrcads engaging 
matching "dogs" on the gift 30 (not shown). 

Figure 24 shows a simple drcull model for an embodiment of the inductive 
coupler and tranfflmrter antenna of the invention. On the Mr 10 stds, Lhc current is l„ 
and the vollajjc ur V,. On flue sub 30 tirt^ Qic cunciif is l 3 and lhc voltage ts V a . TJio 
mutual inductance m M!„ mi (hesolf-hidncfanceo reach half is L. Tht* inductive coupler 
i$ symmetric with the same ininftbfcr oi" turns on each haf f, Willi the direction defined 
in Figure 24, Die voltage and current* one? related by V t =j 'aiLI f +j«Ml a *nd 
V/^M^ij^],^, The antenna impedance is primarily inductive (L A ) with a small 
resistive pan (RJ, Z A =R*+j <#L A , Typically (he inductive impedance is about 100 £}> 
while the resistive etripcdanoe. is about 10 il A luuing capacitor (C) may be uaal lo 
cancel the atiUsaua hiducfauoe, giving a RIT side impedance Z^= R A ti^ L -A-j/*>C -H A . 
The ratio of the cijttcqI. delivered to the anienna to the currem driving tlie inductive 
coupler is = -j r?;M/(f d> L + R A +j <wL A j//»C), The inductive couplet* lias many 
turns and a lugh pennc&bility core, so L» T, A ami &L»> R^, To good application, 
Ij/T, = - -M/L (the sign being relative to the directum of ouzrent flow in Figure 24). 



23 



24.0806 



4,8 Implementation* of tlie Invention 

As described ahove, tl\c RTT 10 may be equipped with internal dalu borage mean* 
suet) *w conventional memory uatf oilier fonns of the Mnd woll known in llio art or 
subsequently developed. These storage mean* rn^y bo used to cortimunicate data, and/or 
irfcsir^otioxie between the. surface and lixc dowuhok RJT 1 0. "Received signal data may be 
atunxl downhole within th£ storage nienns and subsequently rririeveJ when the RJT 10 iB 
returned lu the yurfac.c. As known in Lhu ari, a computer (or other recording means) at the 
surface keeps- track of time vettfua dowuhofc posit bo of line sub so thm stared data can be 
correlated witli & downhole location. Alternatively, the sfgtlul dafca arid/or instructions 
may be commumc«ted in rcaE-thne between Lho surface and tfJ* RIT 10 by LWD/MWD 
telemetry as known in the art, 

Figure 25 illustrates a flow df&gniin of a method 300 for transmitting and/or 
receiving a signal through m csarlli formation fn Record with' f lie invention.' 'Jtie xnefhod 
comprises drilling a borehole thmugh Clio earth formation with, a drill string, the drill 
siring including a sub having an elongated body Willi tubular waflu and including at fcast 
one station having at kasf one slot formed therein, each ul least one dot liilly penetrating 
the tubular wall to provide a continuous channel Ibr Ihc passage of ckcttoinagnetiii 
energy 305; engaging a mrt-m tool witLiin the sub, the run-in tool being adapted wilh 
srgtial Insiiaiitiftiiig meanA and/ur signal receiving moans 310; loiatfing the mri-in lool 
within the sub mc-h thai at least one Rfguul Iransinittmg or receiving in earn is aligned \vflh 
at least one alotfcd station ocx the sub 315; and transmitting or receiving a signal (hough 
flic fo j jnati o n > respectively via the V ainsmiMiug or rece/.Ying moans 32Q, 

Figure 2/i i ff usimtcs a flow diagram of a mj»lb>i] 400 tbr measuring a 
ctiarftolciistic of an earth fonnation surrounding a. borehole in accord with the invention. 
The method compriws adapting, a downhole tool with uL least one signal frasismhling 
means and ae least one signal receiving means 405 ; adapting the downhole fool with end 
means capable of accepting u Miiug head or a eabic connection 410; and ^vilh tlio fishing 
head on the foo1„ engaging the fool within a drill string to measure tlic foi-jtmlion 
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cliaracterisHc, utilizing the transmitting «nd receiving wear W , aB the drill Hiring traverses 
Ike borehole; with the c&l* cvnnwLion on the cool, ctnmocting a cable to flic tool and 
suspending the tooJ within the borehole to measure the I'onnafion characteristic utilizing 
the trafljsmittiug and receiving means 420. 

The method 400 a f Figure 26 may be fniplcnunted with ihe run-in took 10 and 
subs 30 of The juvQilion. 'Hie ran- in too] may bo conllgui^d with an end segment or "cap 
{not shown) adapted to reecivo the previously describe* fishing head or a cable 
connection. With the fishing }«a«.1 connected to ch* run-in tool, the ici»l may be used in 
accord with the disclosed implementations. Wilh the cable connection, the Outi-hi tool 
rn ay be uued as a nicmory-moiJe wireline too J . 

It will be understood that the Jbllowing method* Uv. scaling an opening or slot on 
tlie surface of a tabular an based on (Ire disclosed pressure barrien and Blot inserts of the 
invention. 

Figure 27 illustrates a flow diagram of a method riOO for sealing an opening on it© 
surface of a tubular, wboraiii'tbe tubular has an elongated body with tubular wails and a 
central bore. The method Comprises placing an insert within the opening, the ioserC being 
formed in the shape of the opening 505; and applying a bonding material to the insert 
and/or opening to bond th e i nser( within the open rng 5 10. 

Figure 28 illustrates a, flow diagram of a method 600 for sealing a folly 
penetrating opening on Hie surface of a tubular having an elongated body with tubular 
walk and a central bore. The method comprises placing an insert within the opening, the 
insert being fbruxd in the shape oflhe opening ti05, and placing retainer means within 
the tubular to support the inwert against the opening 610. 

Wh/.te (lie methods and appara tus of this invention li ave been described u s specific 
embodiments* it will be apparent to those skilled in die art dint variaiU™ may be applied 
(o Ihc structures and in tlie steps or in (he sequence of steps of th* method-; described 
herein without departing Irmn the concept and aevpc of tlie invention. Por example, the 
invention may he implemented in a configuration whereiu one RU/uub unit is equipped 
to measure a combination of location characteristics, including resistivity, potesity and 
density. All such similar variations apparent (o those skilled in the an are deemed to be 
vvithiu this concept and scope of the invention as delincd by the appended claims. 
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WHAT IS' CLAIMED TS: 

L . A do^ju sole tubular, comprtsring; 

an elongated body with tubular wkIIs and a central lore, the body including at 
least one slot formed lliadu siicli thai the slot fully peticlralcs the tubular wall; 
and 

means to provide a pressure barrier between (lie interior ami exterior of the lubntar 
wsl.l, the means located kvilliin the centra] bnrc in alignment with the at 1 east one 
«lut. 

2. Tin? downliole fubuJar of claim 1, therein the walls of Cite -elongated body ate 
tally metallic. 



Tbe downbok tubular ofelaiin I, wherein die means to provide a pressucebairici- 
compri^y a sleeve formed of a maler^J providing transparency to 
el«edomagiietic energy. 

Tlie dmvfihole luhular of claim ] , wliorcirj the elongated body includes connecting 
means at each end Ihciicof, flic conned jug means adapted fur connection [o oflier 
tubular members. 

The dovwTiholxj tubular of claim 1, further comprising, a retains disposed within 
the cenii«.l bore to maintain foe pressure barrio means in alignment with the at 
least one slot. 

'Hie itovvuhoJc tubular of claim 1, further comprising at least, one spacer disposed 
. within the centrid bore and adapted with spring means to allow for displacement 
of the pressure bamer me^ns. 

The dowxihole tubular of claim 1, further comprising means for receiving a run-in 
tool within (he cental boje. 
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1 8- The downhob tubular of claim 7,* further Uprising at Teaai oiic certralber 

2 wilhin tlic central liore to cemtadn the movement of the run-in tool wheri the tool 
h is located wUhiu IhotLibulaf. 

.i - 9, The downliote tabular of claim 7, wheran the run-in tool comprise© at least on* 

6 ^CttilntliKcr to constrain Lite movement of the run-in fool when the tool is located 

? within 1fjw tubular. 

9 10. The dwwiliolc tubular or claim I > wherein He tubular sect™ including ifa at 

10 least one slot is fanned of a non-magnetic material, 
u 

» I ! . Tlic dowiihofe tubular of claim t, wherein Clio at Jeaat one slot comprises an insert 

u or 11 Hex material 

14 

is 12, A system for receiving a uui-in toi>L comprising: 

« a sub Having an elongated body with tubular walk and a central bore, the «ub 

17 adapted to fonu aiwrtion ofa length of drill siring 

is the sub wJuding af ieasfc one station having a feat one slot Ibimcd therein such 

3? Out the slot Iblly paiotrafev the tubular waif to provide a continuous channel 

w fof Iho passage of a frtgtiul; 

2 1 Hie run-in tool being adapted for transit through, (lie drill string and into the cratol 

borc of the sub ; arid 

20 means for i^eceivi rig foe run-in toot williiu the sub. 

25 f 3. The system or claim 12, wherein, Ihv at least one dotted station includes moms to 

w piwrde a measure barrio between the interior and exterior of the tubular waJL 

n 14. Tlic system of cTaim 13, wherein the niwms to provide a pnmMcbnziar includes 

39 « slccve positioned in alcgnmesnj witli the slotted station. 
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The system of claim 12, wherein Ihc ran-in tool comprises at least one antenna 
fidap led to transm it and/or receive electromagnet i c energy. 

The system of claim 15, wherein' ffie receiving means is adapted to locate tlie rtm- 
in. Cool within the bore such tliaf at leas* one antenna on tho tool ts aligned with a 
slotted station on the sub. 

The system of ekim. 15, whereto 'at least one antenna on the iai\4i\ tool i» 
surrounded by a shield, the shield having eU least one aloe fomicd thereto. 

The system of claim 12, wherein the run-to fool comprises one of a gamma-ray 
source or a neutron souice, 

A. system foMtnteivhig a run-in tool, comprising: 

a sub having an elongated body with, tubular walk arid a central bore, the m\> 

hetog adapted to form a portion of a lefjglh of dri If string; 
the sub including at least one inductive couplfcjg moans disposed thereon; 
the sub including at least one signal source or sensor disposed thereon; 
the rmi-iu tool iucludmg at least one induclivc coupirng mcaus disposed thereon; 
the run-in tool being adapted for transit thmugh the drilT string and into the ocnfial 

bore of the sub; and 
means for receiving the run-to tool within the sub. 

The system of claim 19, wherein the at least one inductive coupling means 
disposed on flic sab h electrically connected to at least one trarwtotfing source or 
sensor on tlie snb. 



The sy«lem of claim 1.9, whereto the at least cm signal source is adapted to 
transmit electro magtietio energy and the at least one sensor is adapted to receive 
electro magnetic energy. 
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The nielli of claim 19, wherein ilxo receiving mama is adapted to locate- the mn- 
in tool within the central boic such thai «t least one inductive coupling mourns on 
the run-in tooJ is aligned with at least one inductive coupling means on the sub. 

A meilwJ for transmitting and/or xvcdvitig a signal through an earth formation, 
comprising: 

a) drilling a lyarefiele through the earth fbnnation with a drill string; the drill 
string including « sub having an elongated body with tubular whJIr and 
including at least one tinivxi having at least, one slot formed therein, each 
at least otic slot fully penetrating (he tubular wall to provide a continuous 
channel for the passage of a signal; 

b) engaging a run-in toof withm (he sub, the rqfl-in (ool being adapted with 
signal transmitting moans and/or signal receiving means; 

o) locatiug the run-in tool within the sub such thai ui least one signal 
transmitting or receiving means is aligned with at least one sTotleO station 
on (lie sub; and 

0 fJ'fltwmitting or receiving a irignal through the foimation, respectively via 
the tiansmiti iog or nocciving mearts. 

The method of claicu 23, wherein the signal transmitting mcaus are adapted to 
transmit electromagnetic energy and the signal receiving means are adored to 
receive cleelrouiagnetLc energy. 

U» method of claim 24, further comprising relating tlie received electromagnetic 
energy to formation resistivity, 

A method for measuring « characteristic of an earth formation surrounding a 
borehole, comprising: 

a) adapting a OownhoJo tool *»ih at least one signal transmitting means and 
at leasa one tignal receiving menus; 



24.0806 

b) adapting, the downholc tool with end means capable of accepting a fishing 
head or a w*bk conneetton; and 

c) with the fi shftyg head on the fool, engaging the tonl within a drifl string to 
rucAaurc flic formation, dimctcririic, utilizing the tiflriamittiug and 
receiving niwms, as the drill airing traverses the barchoic, 

d) wi.th the cable connection un tlio tool, cotinccting a cable 1o the toot ao<| 
suspending Che tool within the borehole to measure the formation 
diaractei'ifiticutihaiiTgtlie transmitting and receiving means. 

'Hie method of daim 26, wlwacin step (c) comprises engaging the tool vrfthiu a 
sub on the drfl] tfring, wherein the mb has an elnngatad body wrth tubular waTl$ 
arid includes at least one station having at luasf one dot fanned therein such that 
(he slot fully pen stales tiro fulralar wall to provide a aoutiuuoua channel for the 
paaw^gc of a signal. 

A method for sealing a fully penetrating opening on u tubular, the tubular having 
an elongated body with tubular walis and a ucntraf hojie adapted for fluid passage, 
chai^acterized by 

a) placing au insert vvilhin the opemng, tlio insert being fortne<l in the shape 
offhc opening; and 

h) allying a bonding mstcrial to the insert and/or opening to bond the insert 
wffhinlhc opening. 

The method of claim 28, turthjer diaracterfaed by placing a cylindrical sleeve 
within Iho cental bone or wound the outer surface of Oic tubular in alignment \villi 
Ihc opening. 

The method ol s auy eJauu 28, farther characterize by placing a metallic shield 
around tlio outer surface of die tubular in alignment with the opening to restrain 
the in soil 



i 31 . A method for sealing h fully penefraf tag opening on a fulraki; ihc tubular Jiaving 

^ tin elongated body with tubular walls and a central bore, characterized by 

i a) placing an insert withm ibe opaiing, the insert befn^ fbmicd in the shape 

* of flic opening, and 

5 b) placing retainer means within the lubulai* to support (be? insert against ihc 

6 opening. 

7 

s 32. The method or uhiim 31 „ wherein the rvfaiucr means comprises a sleeve 

* po&rtffinw] wyxially within the central barc of the tubular, 
in 

u 33. The method ofgWai 31, wherein stefi (*) apprises placing Ihc insert within Lhc 

12 Opening from wifJuai the central bore ouiwairi, 

13 

u 34, The method of any tfaiiu 31, wherein the insert is fomied of a material providing 
1 rAri^^paivnoy f o electromagnet energy- 
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DOWNHOLE SIGNAL COMMUNICATION AND MEASUftKMRNT 1 11KOUGR 

A METAL TUBULAR 

ABSTRACT 

Systems arid methods Jbr dowrrtiole coiTvmutiic&cioti njid navasurctuciit utilizing mi 
improved tu.cLkIU^ Lubutar (30) having etouguM body with tubular wails aud a central 
bore (32) adapted to receive a run-in tool (10). p Hie tuhnlat fnduding slotted stations fo 
provide through-tabular signal transmission and/or reception. Hydraulic isolation 
beiwiai. the ijtiterio* «\<1 exterior of the tubular b provided by pressure hairier means at 
the slotted stations. Sensors and/or sources are mounted on the run -in tool, which is 
adapted for transmission through a drill string to eugajje within Uic tubular in alignment 
will the slotted stations. A run-in fool configuration includes a modulator iivr rail-liiuc 
wireless communication with the surface and/or remote downfall e lool», A tubular and 
run-in tool configuration also includes inductive couplers (122) for wireless aigcral data 
Ixwisfcr, A method for measuring a formation characf eristic utilizing a nm-fri Cool 
adapted wit.1i an interchangeable end wgmenl Ibr multi-mode downliole transport. 
Methods for scaling xm opening (3S) on the surface of a tubular having m elongated body 
wrth tuhular walls and a central hor& 
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